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Metal carbonyl anions, owing to their nucleophllic character, 

have enjoyed widespread use as intermediates in the synthesis of 

substituted metal carbonyls (I): 

M(CO) n + R-X--) R-M(CO) n + X (1) 

Ge rman ium and  t in  h a l i d e s  r e a c t  a c c o r d i n g  to eq .  1 wi th  a wide  

v a r i e t y  of me ta l  c a r b o n y l  a n i o n s  ( 2 , 3 , 4 ) .  In c o n t r a s t ,  o r g a n o - s i l t c o n  

h a l i d e s  form s i l i c o n  me ta l  bonds  on ly  wi th  (~T-CsH5)Fe(CO) 2 (5 ,6) ;  

in  a l l  o ther  c a s e s ,  on ly  i l l - d e f i n e d  r e a c t i o n s  were  r e po r t e d .  S ince  a 

mi ld  route  to m e t a l - s i l i c o n  bonds  was  n e e d e d  in c o n n e c t i o n  wi th  o ther  

r e s e a r c h  (7), an  i n v e s t i g a t i o n  of t h e s e  a n o m a l o u s  r e a c t i o n s  was  

i n i t i a t e d .  

It  has  b e e n  found  tha t  in  t hose  r e a c t i o n s  w h i c h  did not  l e a d  to 

m e t a l - s i l i c o n  b o n d s ,  the  on ly  s i l i c o n  compound  i s o l a t e d  w a s  i n -  

v a r i a b l y  the  d i s i l o x a n e .  S ince  t h e s e  r e a c t i o n s  are c o n d u c t e d  in  c a r e -  

f u l l y  dr ied  t e t r a h y d r o f u r a n  (THF) unde r  n i t r o g e n ,  the o n l y  source  of 

oxygen  i s  the c a r b o n y l  groups  of the  a n i o n  . The g e n e r a l i t y  of t h i s  

*It is considered highly unlikely that oxygen would be abstracted from 
the THF solvent. 
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r eac t ion  i s  qui te  a s t o n i s h i n g  and r e p r e s e n t s  an unexpec ted  mode of 

r eac t ion  for meta l  ca rbonyl  a n i o n s .  A va r i e t y  of c a r b o n y l - c o n t a i n i n g  

s p e c i e s  i s  produced,  and t h e s e  mixtures  are not c om p l e t e l y  c h a r a c -  

t e r i z ed  at  p r e s e n t .  

Thus,  t r i p h e n y l c h l o r o s i l a n e  r e a c t s  with NaMn(CO) 5 in THF to 

g ive  h e x a p h e n y l d i s i l o x a n e  (52%) and a red ,  an ion ic  s p e c i e s  as  the 

major  carbonyl  component .  Exce l len t  c r y s t a l s  of the t e t r a e t h y l -  

ammonium s a l t  may be grown with the approximate  compos i t ion  

(Et4N) 2Mns(CO)24 (calcd:  C, 38.9;  H, 3 .34;  N, 2 .32;  M n ,  22.7 ;  

Found: C, 38 .4 ;  H, 3 .08;  N, 2 .37;  Mn, 23 .2 ) .  The IR spect rum of 

the above  c l u s t e r - c o m p o u n d  is e s s e n t i a l l y  i d e n t i c a l  in a c e t one  s o l u -  

t ion and in the so l id  (KBr d i s c ) .  Carbonyl  s t r e t ch ing  bands  are obse rved  

at  2049, 2039 w,  2014 m, 1980 v s ,  1946-43 m doub le t ,  1904-1840 m 

doub le t ,  and 1869 m (cm-1), i nd i ca t i ng  a l a c k  of b r idg ing  ca rbonyl  

g roups .  The compound is  d i a m a g n e t i c  in so lu t ion  (NMR technique)  

which means  tha t  e i the r  hydr ide  l i gands  are  p r e s e n t  or the a c t u a l  

s t ruc ture  is  even  mul t i p l e s  of the empi r i ca l  formula .  No h i g h - f i e l d  

s i g n a l s  were found in the NMR spec t rum,  but the s o l u b i l i t y  is  so low 

tha t  a weak  s igna l  could  have been  l o s t  in the n o i s e .  Although the N : Mn 

ra t io  is  we l l  e s t a b l i s h e d ,  the e l emen ta l  a n a l y s e s  are not p r e c i s e  enough 

to de termine  the e x a c t  number of ca rbonyl  groups;  h e n c e ,  a c r y s t a l  

s t ruc ture  de te rmina t ion  wi l l  be i n i t i a t e d .  

The r eac t i on  of NaRe(CO) 5 and t r i p h e n y l c h l o r o s i l a n e  g ives  a 

95% y ie ld  of h e x a p h e n y l d i s i l o x a n e  and a complex  mixture of rhenium 

c a r b o n y l s .  The mixture was  a c i d i f i e d  wi th  phosphor ic  ac id  and 

chromatographed from a lumina .  The major componen t s ,  i den t i f i ed  
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m a r s  s p e c t r o s c o p i c a l l y ,  are HRe3(CO)14 (8), and the p rev ious ly  un-  

repor ted HRe2(CO)8C1. The la t te r  compound is a s s i g n e d  a s t ructure  

with bridging H and C1 a toms on the  b a s i s  of i ts  f ragmenta t ion  pat tern  (9), 

IR spec t rum,  and the fac t  that  the s t ruc ture ,  (CO)4Re ~--~--I~Re(CO)4, 

provides  each  rhenium with the r a r e - g a s  conf igura t ion .  

Under very  high gain ,  weak  peaks  could be de tec ted  in one 

f rac t ion  (which was mos t ly  HRe2(CO)sC1) a r i s ing  from a Re 4 c lus t e r  

( i sotopic  d is t r ibut ion  ca l cd ,  for R e 4 : 1  : 2 .4  : 2.1 : 0 .8  : 0.1,  obs .  

1 : 2 . 5  : 2 .4  : 1.0 : 0 .2 ) .  The m a s s e s  cor responded  to the s p e c i e s  

Re4C(CO)x + (x = 0-4) .  The parent  ion was not obse rved  b e c a u s e  of the 

very  low in t ens i ty  of t hese  peaks .  N__~o s p e c i e s  of the type Re4(CO)x + 

were o b s e r v e d ,  sugges t ing  that  the compound giving r i se  to the  Re 4 ions 

is a rhen ium-ca rb ide  c l u s t e r .  

Re(CO) 5 + (C6H5)3SIC1--)[?]  + (C6Hs)3StOSi (C5H5) 3 

• HRe2(CO)sC1 + HRe3(CO)14 

+ Re4C(CO)n? (2) 

Reac t ions  of some t r i p h e n y l p h o s p h i n e - s u b s t i t u t e d  carbonyl  anions  

with t r ipheny lch lo ros i l ane  have  a l so  been  s tud ied .  Na[Mn(CO)4P(C6Hs)3] ,  

p reparea  zrom the corresponding dimer,  r e a c t s  to give the products  

shown in (3). 

Mn(CO)4P(C6H5) 3- + (C6H5)3SiC1--'~C1Mn(CO)3[P(C6Hs)3]2 + 

[Mn(CO)4P(C6Hs)3] 2 + (C6H5)3SiOSi (C6H5) 3 (50%) (3) 

Although NaCo(CO) 4 r eac t s  in a very  complex manner  with 

(C6H5)3SIC1 (giving among other  products  the d i s i loxane  and COC12), 

NaCo(CO)3P(C6Hs) 3 r e ac t s  to give  t r a n s -  (C6H5)3SiCo(CO)3P(C6Hs) 3 

in 31% yie ld  ( ' / /CO: 1950 cm -1, dec .  180°). No hexapheny ld t s i l oxane  
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was obse rved .  

Triphenylchlorosi lane reac ts  with (IT-C5H5)Mo(CO)2 (P(C6H5)3)Na 

to give a 50% yield of hexaphenyld is l loxane  and (4rr'-C5Hs)MO(CO) 2-  

P(C6H5)3H (38%)*. The hydride was identif ied by mass  spec t roscop ic  

data (Parent ion mass  = 476 for Mo 92) and elemental  a n a l y s i s .  Infrared 

studies show that the hydride is not formed during the initial reduction, 

but appears rapidly after triphenylchlorosilane has been added to the anion. 

A second, as yet unidentified, metal carbonyl is also produced in this 

reaction. 

Most of the reactions discussed give rather complex mixtures, and 

attempts to use column chromatography to separate the components have 

failed (some carbonyls react with the usual adsorbents even after they are 

vacuum dried and the column prepared under a nitrogen atmosphere). 

As a result, the products were separated by fractional crystallization, 

and all the compounds present in the mixtures could not be obtained 

sufficiently pure for identlflcatlon. Hence, the fate of the carbon atom 

remaining after oxygen abstraction is largely unknown. Although 

dlsiloxanes have been observed to form when compounds of the type 

R3Si-M(CO} n are thermally decomposed (I0), the mild conditions and 

rapidity of formation of the dlsiloxane in the above reactions indicate 

that sllyl metallic compounds are not intermedlates. Instead, the 

primary reaction probably involves nucleophilic attack by the carbonyl 

oxygen, and represents a heretofore unrecognized reaction path for 

*The phosphine-substltuted anion was prepared by sodium amalgam re- 
duction of the previously unreported [(4rr-C[H5)Mo(CO) 2 (P(C6Hs) 3 )] 2, 
which is prepared in high yield by adding cyclopentadienylmolybdenum 
tricarbonyl dlmer to m~Iten trlphenylphosphlne at 120 °. -bICO = 1980 (w), 
1900 (s), 1770 (s} cm'~; dec. 180°; calcd.: C, 62.7; H, 4.22; P, 6.47; 
found: C, 61.2; H, 4 .04;  P, 6.31. 
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metal carbonyl anions. 
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